TITLE OF THE I NV E NTION 
METHOD FOR SYNTHESIS OF NUCLEIC ACIDS 



BACKGROUND O F T HE IN VE NTION 
Field of the Invention 

The present invention relates to a method for synthesis of 
nucleic acids, especially to a method for synthesis of nucleic 
acids by means of a polymerase chain reaction (hereinafter 
abbreviated as a PCR). 

•3 
IB 

m Des criptio n of the R elate d Ar t 

m A PCR method is a procedure capable of amplifying an intended 

DNA fragment as much as several hundred thousand- fold by repeating 
;7j a process comprised of dissociation of a DNA strand into single 

2 strands, binding of primers with sandwiching a particular region 

J of the DNA strand, and a DNA synthesis reaction by the action of 

a DNA polymerase. The PCR method is described in Japanese Laid-open 
Patent Publication No . S61-274697 which is an invention by Mullis 
et al . 

A PCR procedure can be used as a highly sensitive method for 
analyzing nucleic acids in various samples, and particularly it 
can be used in analysis of nucleic acids in a sample derived from 
an animal body fluid. The PCR procedure is therefore used for such 
a purpose of diagnosis or monitoring of an infection, a hereditary 
disease, and a cancer. The PCR procedure is also suited to DNA 
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typing tests for a transplantation, a paternity test, medical 
treatments based on an individual genetic information, and the like- 
For these purposes, a peripheral blood is often selected as a test 
object . 

One drawback of the PCR procedure is that the reaction is 
inhibited by pigments, proteins, saccharides, or unknown 
contaminants. Namely, many DNA polymerases including TaqDNA 
polymerase derived from Thermus aquaticus , a typical thermostable 
DNA polymerase, are widely known to allow the PCR to be inhibited 
potently by even a trace amount of living body-derived 
contaminants existing in the PCR reaction solution. Therefore, 
the PCR procedure requires a process in which a cell(s), a 
protozoan (protozoa), a fungus (fungi), a bacterium (bacteria), 
a virus (es) and the like (hereinafter referred to as a gene 
inclusion body) are isolated from a subject and then nucleic acids 
are extracted from the gene inclusion body prior to a DNA 
amplification. Such process has conventionally been a procedure 
in which the gene inclusion body is decomposed using an enzyme, 
a surfactant, a chaotropic agent, or the like, and then nucleic 
acids are extracted from the decomposed product of the gene 
inclusion body using, for example, phenol or phenol/chloroform. 
Recently, an ion-exchange resin, a glass filter, or a reagent 
having an effect of agglutinating proteins is used in the step 
of the nucleic acid extraction. 

It is difficult, however, to completely remove impurities by 



purifying nucleic acids in a sample using these procedures , and 
furthermore, an amount of nucleic acids in a sample recovered by 
these purification procedures often varies among experiments. For 
these reasons, a subsequent nucleic acid synthesis may sometimes 
be unsuccessful, especially when a content of the intended nucleic 
acid in the sample is low. In addition, these purification 
procedures involve complicated manipulations and are time- 
consuming, and there is a high opportunity for contamination during 
the procedures. Therefore, a simpler, more convenient and 
effective method of a sample pretreatment is desired in order to 
solve these problems. 

When a body fluid such as blood and a liquid excretion sample 
such as urine are left to stand, sedimentation of solid components 
such as cells, bacterial body components and the like occurs to 
cause heterogeneity in the distribution of cells or bacterial 
bodies containing an intended nucleic acid. It was therefore 
necessary to uniformly distribute the solid components in these 
samples by agitating the samples in advance before the sample 
addition, when these samples are used for a direct amplification 
of a nucleic acid. 

A peripheral blood is often used, as a test material for 
a genetic testing. We have hitherto devised methods that provide 
a nucleic acid synthesis procedure capable of directly amplifying 
an intended nucleic acid in blood. However, when a whole blood 
sample is left to stand, sedimentation of blood cells, bacterial 



body components, or other components occurs to cause 
heterogeneity in the distribution of blood cells, bacterial 
bodies , and other components containing the intended nucleic acid. 
It was therefore necessary to achieve uniform distribution by 
agitating the sample in advance before its addition, when the blood 
sample is directly subjected to the PCR. Likewise, the same step 
was also required when a body fluid and a liquid excretion sample 
are directly used in the PCR. 

SUMMARY OF THE INVENTION 

The present inventor invented a process in which a sample 
is treated with a surfactant, then stored and used without further 
treatments , as a template for nucleic acid synthesis . The present 
invention is particularly useful in a method of nucleic acid 
synthesis in which a body fluid such as blood and a liquid excretion 
itself such as urine are mixed with a nucleic acid amplification 
reaction solution and allowed to react, for treating a sample with 
a surfactant before the reaction and, for example, thereby 
destructing solid components containing nucleic acids to disperse 
them uniformly in the sample liquid. In addition, such treatment 
is expected to have bactericidal, virucidal, and the like effects 
and thereby reduce the possible risk of infection of a worker 
caused by a biological sample that is inherent in handling 
biological samples . 

Thus, the present invention is a method for synthesis of 



nucleic acids to amplify an intended nucleic acid from a sample 
which comprises homogenizing a living body-derived sample and 
then directly adding the homogenized sample to a reaction solution 
to amplify the nucleic acid. 

The present invention is the method for synthesis of nucleic 
acids wherein the sample is homogenized using a surfactant. 

The present invention is the method for synthesis of nucleic 
acids wherein the surfactant is an ionic surfactant. 

The present invention is the method for synthesis of nucleic 
acids wherein the ionic surfactant is an anionic surfactant. 

The present invention is the method for synthesis of nucleic 
acids wherein the anionic surfactant is at least one selected from 
the group consisting of salts of N-lauroylsarcosine and dodecyl 
sulfates (e.g. SDS) . 

The present invention is the method for synthesis of nucleic 
acids wherein the homogenized sample is subjected to nucleic acid 
synthesis in a reaction solution containing a nonionic 
surfactant . 

The present invention is the method for synthesis of nucleic 
acids wherein Tween 20 and/or Nonident P40 is used as the nonionic 
surfactant . 

Further, the present invention is a method of sample storage, 
which comprises homogenizing a living body-derived sample and 
storing the homogenized sample. 

According to the present invention, by treating the sample 
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with the surfactant before the reaction, solid components such 
as cells or bacterial bodies containing nucleic acids can be 
destructed and uniformly dispersed in the sample liquid, and 
therefore it is not necessary to agitate the sample in advance 
for uniformly distributing the solid components in the sample. 
In addition, the present invention enables long-term sample 
storage . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows an electrophoretogram of amplified products 

obtained by the PCR in which a sample treated with a lysis solution 

was directly added to a PCR reaction solution. 

Fig. 2 shows an electrophoretogram of amplified products 

obtained by the PCR in which a sample treated with a lysis solution 

was stored for a long period and then directly added to a PCR 

reaction solution . 

D ETAILED DESCRIP T ION OF THE INVENTION 
The present invention is a method for synthesis of nucleic 
acids to amplify an intended nucleic acid from a sample which 
comprises homogenizing a living body- derived sample and then 
directly adding the homogenized sample to a reaction solution to 
amplify the nucleic acid. 

As used herein, the term "homogenizing" means a treatment 
by which nucleic acids are uniformly dispersed in a sample liquid. 



The term "directly" means no pretreatments other than 
homogenization is required. 

It is preferred to use a surfactant for homogenization. The 
surfactant includes an anionic surfactant, a cationic surfactant, 
an amphoteric surfactant, and a nonionic surfactant. When the 
sample is subjected to nucleic acid amplification within a short 
period, any of these groups may be adopted. Specific examples 
of the anionic and the nonionic surfactants are described 
afterwards. As the cationic surfactant, for example, 
cetylt rime thy lammonium bromide or dodecylt rime thy lammonium 
bromide may be used, and as the amphoteric surfactant, for example, 
CHAPS, lecithin, lysolecithin , phosphatidylethanolamine , or 
N-dodecyl-N, N- dimethyl- 3- ammonio- 1 -propane sulfonate may be 
used. 

However, aggregates appear over time and cause 
heterogeneity in the distribution of nucleic acids in the sample 
liquid. To solve this problem, the present inventor further 
investigated and succeeded in avoiding formation of aggregates 
by using a certain concentration of an anionic surfactant. For 
example, a blood sample is treated with the anionic surfactant 
such as dodecyl sulfates (hereinafter collectively referred to 
as SDS), salts of N-lauroylsarcosine including sodium salt of 
N-lauroylsarcosine (abbreviated hereinafter to SARKOSYL ) and 
other metallic salts of N-lauroylsarcosine, deoxycholates 
including sodium deoxycholate and other metallic salts of 
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deoxycholate , or etiolates including sodium cholate and other 
metallic salts of cholate for homogenization . In this treatment, 
SDS or SARKOSYL is mixed with the sample liquid to attain a 
concentration of 0.5% or more, preferably about 2%, in order to 
store the sample for a long period stably in the homogeneous 
condition . 

However, a potent inhibition of the reaction is observed 
if the PCR is conducted by directly adding a sample treated with 
the ionic surfactant to a standard reaction solution 
conventionally used. Therefore, the present inventor further 
investigated to find a way to suppress the reaction inhibition, 
and found that this reaction inhibition can be suppressed by using 
a nonionic surfactant in the reaction. The nonionic surfactant, 
which may be used, includes, but not limited to, Nonidet P40, Tween 
20, digitonin, n-dodecyl maltoside, octyl glycoside, octyl 
thioglycoside , Triton X-100, sucrose laurate, and Tethit. 
Nonidet P40 and/or Tween 20 are used at a concentration each of 
0.5% or more, preferably 1 to 5%, in the amplification reaction 
solution . 

The nonionic surfactant may be mixed with the sample liquid 
homogenized by the ionic surfactant and then added to the reaction 
solution, or may be added in advance to the reaction solution, 
and thus the order of addition is not specifically defined. 

Furthermore, by homogenizing a sample according to the 
present invention, it becomes possible to store the sample for 
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a long period. The present invention therefore provides a method 
of sample storage, which comprises homogenizing a living 
body-derived sample and storing the homogenized sample . Although 
a period capable of storing the sample varies depending on the 
kind of the sample, the kind of the surfactant used for 
homogenization, concentration, storage condition, and the like, 
a blood sample can be stored, for example, for several years even 
at room temperature when treated with the anionic surfactant. 

In the present invention, the term "sample" means a gene 
inclusion body in a living body- derived sample or the living 
body-derived sample itself, and the term "living body-derived 
sample" refers to an animal or a plant tissue, a body fluid, an 
excretion, and the like. The term "gene inclusion body" refers 
to a cell, a protozoan, a fungus, a bacterium, a virus, and the 
like. Body fluids include blood, cerebrospinal fluid, milk, and 
saliva; excretions include feces, urine, and sweat; and cells 
include leukocytes and platelets, although they are not so 
limited. 

The nucleic acid amplification reaction solution 
conventionally contains a pH buffer as well as salts such as MgCl 2 
and KC1, primers, deoxyribonucleotides , and a nucleic acid 
polymerase. The salts mentioned above may be replaced with other 
salts as appropriate. In addition, various substances including 
proteins such as gelatin and albumin and dimethyl sulfoxide are 
sometimes added. 



The pH buffer is prepared by a combination of 
tris ( hydroxymethyl ) aminomethane and a mineral acid such as 
hydrochloric, nitric, or sulfuric acid, and a preferred mineral 
acid is hydrochloric acid. Alternatively, various other pH 
buffers , including pH buffers comprising a combination of Tricine , 
CAPSO ( 3-N-cyclohexylamino-2-hydroxypropanesulf onic acid) , or 
CHES ( 2 - ( cyclohexylamino ) ethanesulf onic acid) and caustic soda 
or caustic potash, may be used. The pH-ad justed buffer is used 
at a concentration between 10 mM and 100 mM in the nucleic acid 
amplification reaction solution. 

The term "primer" refers to an oligonucleotide that acts 
as an initiation site of synthesis in the presence of nucleic acids , 
reagents for amplification and other substances. The primer is 
desirably single- stranded, and a double- stranded primer may also 
be used. When the primer is double- stranded, it is desirable to 
convert it into its single -stranded form prior to the 
amplification reaction. The primers may be synthesized using 
known methods, or may be isolated from living organisms. 

The term "nucleic acid polymerase" means an enzyme that 
synthesizes nucleic acids by adding deoxyribonucleotides or a 
chemical synthesis system doing so. Suitable nucleic acid 
polymerases include, but not limited to, DNA polymerase I derived 
from E.coli, the Klenow fragment of a DNA polymerase derived from 
E.coli, T4 DNA polymerase, TaqDNA polymerase, T.litoralis DNA 
polymerase, TthDNA polymerase, PfuDNA polymerase, and a reverse 
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transcriptase . 

Furthermore, according to the present invention, pH 
adjustment of the reaction solution for gene amplification 
produces a synergistic effect. For example, at a temperature of 
25°C, the pH is 8.1 or more, and preferably from 8.5 to 9.5. 

In the present invention, polyamines may also be added to 
the reaction solution for gene amplification. 

EXAMPLES 

The present invention is further described in the following 
examples which are not intended to restrict the invention. 
[ Experimental Example 1 ] 

A present example describes an experiment in which the PCR 
was conducted by directly adding a blood sample treated with a 
final concentration of 2% of SARKOSYL. Human citrated blood was 
used as the sample. Two microliters of one of lysates having 
various blood concentrations were directly added to a PCR reaction 
solution (total volume: 50 , and the PCR was conducted. The 
PCR reaction solution used contained 10 mM Tris-HCl, 50 mM KC1, 
1 . 5 mM MgCl 2 , 200 |xM each of dATP , dCTP , dGTP and dTTP ,2.5% Nonidet 
P40, 0.4 jxM each of the primers, and 1.25 units of Taq DNA 
polymerase (TaKaRa Taq: Takara Shuzo, Kyoto, Japan). 

The PCR primers were oligonucleotides having a nucleotide 
sequence of the plus strand (GITgO, SEQ ID. NO. 1) or the minus 
strand (GH21, SEQ ID. NO. 2) located^within the human beta-globin 
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coding region, andV these primers may produce 4 08 bp of an 
amplification product by the PGR (Saiki, R. K. , Gelfand, D. H. , 
£q0^' Stoffel, S., Scharf, S. J./Hjiguchi, R. , Horn, G . T . , Mullis, K. 
B. and Erlich, H. A, (1988) Science 239, 487-491). 
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GH20: 5 f GAAGAGCCAAGGACAGGTAC 3' 
GH21: 5' GGAAAATAGAOSAATAGGCAG 3'. 

The PCR involved a preheating at 94°C for 4,5 minutes, 40 
cycles each of which consists 1 minute at 94°C followed by 1 minute 
at 55°C followed by 1 minute at 7 2°C, and then the final 
polymerization at 72°C for 7 minutes. After the completion of 
the PCR, 5 \xl of the reaction solution was subjected to an 
electrophoresis on a 2.5% agarose gel in TAE (40 mM Tris-acetate , 
1 mM EDTA, pH 8.0) containing 0.5 jxg/ml ethidium bromide to detect 
the amplification products . 

Fig. 1 shows the electrophoretogram of PCR products obtained 
by the PCR in which the sample treated with the lysis solution was 
directly added to the PCR reaction solution. 

In the figure, a lane M indicates molecular weight makers; 
a lane 1 indicates the result obtained with the lysate of which 
blood content was 1/2; a lane 2 indicates the result obtained with 
the lysate of which blood content was 1/4; and lanes 3-12 similarly 
indicate the results obtained with the lysates of which blood 
contents were 2-fold serially diluted ones in the order. A lane 
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N indicates the result obtained by adding 2% SARKOSYL solution 
containing no blood. 

It can be seen from the figure that the PCR product could 
be detected stably and strongly in the lanes 1-12. 

[Experimental Example 2] 

This example describes an experiment in which a blood sample 
was treated with a final concentration of 2% of SARKOSYL, stored 
for 10 months at room temperature, and then directly added to a 
reaction solution to conduct the PCR. Human citrated blood was 
used as the blood sample. Two microliters of one of lysates having 
various blood concentrations were directly added to a PCR reaction 
solution (total volume: 50 , and the PCR was conducted. The 
composition of the PCR reaction solution, conditions for the PCR 
and for the electrophoresis after the PCR were the same as in 
Experimental Example 1. The electrophoretogram is shown in Fig. 
2. 

In the figure, a lane M indicates molecular weight makers; 
a lane 1 indicates the result obtained with a lysate of which blood 
content was 1/2; a lane 2 indicates the result obtained with the 
lysate of which blood content was 1/4; and lanes 3-12 similarly 
indicate the results obtained with the lysates of which blood 
contents were 2- fold serially diluted ones in the order. A lane 
N indicates the result obtained by adding 2% SARKOSYL solution 
containing no blood. 



It can be seen from the figure that the PCR product could be 
detected stably and strongly as same as in Fig. 1 even when the 
samples had been stored for a long period after the lysis treatment . 

Although the nonionic surfactant was used in this example, 
it is not necessarily essential to use the nonionic surfactant, 
since the PCR can be stably achieved in the absence of nonionic 
surfactants if the amount of a blood lysate added to the PCR 
reaction solution is reduced. 



